Lepper I has shown that grafts of rat sarcoma radiated at 15°C. show very little difference in their behavior from those radiated at 37°C., but that the latter grow rather more slowly and disappear sooner than those which have been radiated in the cold. So far as we are aware no one has determined the temperature coefficient of the physiological processes, nor of the purely chemical reactions produced by rays from radioactive substances. The velocity of photochemical processes, to which these reactions are closely allied, is known to be affected very slightly by the temperature at which the processes occur. The great mass of physiological reactions shares a high temperature coefficient (2 to 3 for a change of 10°C.) with general, non-photochemical reactions3 Data on the temperature coefficient of photosensory stimulation in animals do not appear to have been published. Dr. Selig Hecht has recently determined that the temperature coefficient of the sensitization process in Mya is of the order of that of a photochemical reaction (personally communicated results of unpublished experiments). Brown and Heise, 3 reviewing the literature of this aspect of photosynthesis, conclude that this important photophysiological process has a temperature coefficient of the same order (1.1 to 1.2 for a change of 10°C.) as those of photochemical reactions, although the investigators who secured the data on which this conclusion is based had assigned higher values to ,this 1 Lepper, E.
(Received for publication, November 4, 1918.) Lepper I has shown that grafts of rat sarcoma radiated at 15°C. show very little difference in their behavior from those radiated at 37°C., but that the latter grow rather more slowly and disappear sooner than those which have been radiated in the cold. So far as we are aware no one has determined the temperature coefficient of the physiological processes, nor of the purely chemical reactions produced by rays from radioactive substances. The velocity of photochemical processes, to which these reactions are closely allied, is known to be affected very slightly by the temperature at which the processes occur. The great mass of physiological reactions shares a high temperature coefficient (2 to 3 for a change of 10°C.) with general, non-photochemical reactions3 Data on the temperature coefficient of photosensory stimulation in animals do not appear to have been published. Dr. Selig Hecht has recently determined that the temperature coefficient of the sensitization process in Mya is of the order of that of a photochemical reaction (personally communicated results of unpublished experiments). Brown and Heise, 3 reviewing the literature of this aspect of photosynthesis, conclude that this important photophysiological process has a temperature coefficient of the same order (1.1 to 1.2 for a change of 10°C.) as those of photochemical reactions, although the investigators who secured the data on which this conclusion is based had assigned higher values to ,this constant. Osterhout and Haas,* who likewise obtain a high value, 1.81, for the temperature coefficient of photosynthesis, attribute it to the fact that they are dealing with a series of catenary reactions, of which the determining member is not a true photochemical process.
The development of a method of measuring the physiological action of radiations from radium has enabled us to determine the effect of temperature upon this process with precision. This method depends upon the fact, first observed by Packard, 5 that the fertilization membrane of the egg of the marine worm, Nereis, is greatly enlarged if the eggs have been exposed to radium prior to fertilization. We have shown 6 that the extent of this change is a reliable measure of the intensity of radiation and time of exposur& Our problem has been to determine what effect the temperature at which radiation takes place has upon the velocity of the reaction under uniform intensity.
To this end a few drops of Nereis eggs were placed in the bottom of a test-tube and this was inserted into a vessel containing chopped ice and allowed to stand until it had taken on the temperature of the ice. A tube of radium emanation was then suspended above the eggs. As radiation proceeded, a few eggs were withdrawn from time to time, placed in sea water at room temperature, fertilized, and the thickness of the membranes was measured after a uniform period of time. A second lot of eggs from the same female was then treated in exactly the same way, except that during radiation the test-tube containing them was placed in a thermos flask filled with water at room temperature.
The exposure of unfertilized eggs to these temperatures, without radiation, does not affect the volume of the membrane which is formed upon fertilization, although somewhat higher temperatures may be expected to cause an enlargement of this structure, v This procedure possesses the advantage that the two lots of eggs are kept at different temperatures only during the period of radiation, during which no visible change occurs in these cells. The proc- FzG. 1. Curves illustrating the effect of temperature upon the velocity of the change produced by ~-rays in the membrane of Nereis eggs. Time of radiation in minutes is measured logarithmically along the abscissa. Volumes of membranes are measured in 100,000 cubic microns along the ordinate. Intensity of radiation was 38.1 milllcurie centimeters in both cases.
fluence of a secondary reaction analogous to that to which the high temperature coefficient of photosynthesis is attributable. 4
When measurements of the volumes of membranes so produced are plotted against the logarithms of the times of exposure, the points fall about two parallel lines, as illustrated in Fig. 1 . The line drawn through the points obtained at the higher temperature lies above the other, showing that the velocity of the reaction has been increased by the higher temperature. The velocities (K1 and K2) at the two temperatures (h and t2) are inversely proportional to the times required to produce membranes of any given volume. Thus in the experiment illustrated in Fig. 1, 40 minutes of exposure were necessary to produce a membrane of 10 hundred thousand cubic microns at 0°C. At 24°C. this membrane volume is represented by a point on the curve corresponding to an exposure of 27 minutes. We may then write K2 40 where tl 0 and t2 24. Substituting these values in the K1 27 equation 2 10 =(Kq,,_,l we obtain 1.18 as the value of Qlo, the temperature coefficient for a change of 10°C. Table I gives a number of determinations of Q10 made in this way. The source of radiation used in this investigation was radium emanation enclosed in slender, thin-walled glass tubes. The walls of these tubes were sufficiently thick to absorb all the s-radiation. We expect to show in a future publication that the effect of the "r-rays from such a tube is negligible compared to that of the/~-rays in producing the reaction. The coefficient which we have determined is therefore that of the actkm of the ~-rays. 8
